Objective-The purpose of this study is to examine the effects of zonisamide on ethanol selfadministration and subjective effects in risky drinkers using a human laboratory paradigm.
INTRODUCTION
including blockade of voltage-sensitive sodium channels (4) , low potency inhibition of carbonic anhydrase (5) , and possibly enhancing potassium channel conductance (6, 7) . Zonisamide inhibits excitatory post-synaptic potentials in frontal cortical tissues consistent with blockade of AMPA/kainate receptors (8) , an action that may contribute to its suppression of alcohol seeking behaviors (9) . Topiramate most likely blocks kainate glutamate receptors, while its interaction with AMPA receptors has not been fully characterized (10) . Zonisamide, but not topiramate increases striatal and hippocampal dopamine (11) and inhibits T calcium channel activity (12) .
There are no published data on the effects of zonisamide on alcohol consumption in humans. The present study was conducted to assess whether the acute administration of zonisamide would alter alcohol self-administration in a laboratory setting by subjects meeting NIAAA criteria for risky drinking (1) .
METHODS
Subjects were non-treatment seeking men and women ages 21 to 55, who met NIAAA criteria for risky drinking (1) , defined as more than 4 drinks per day on any day or more than 14 drinks per week for men, and more than 3 drinks on any day or more than 7 drinks per week for women. Weekly alcohol consumption could not exceed 40 and 35 drinks for men and women, respectively. Individuals were excluded from the study if they met criteria for substance dependence other than nicotine or alcohol dependence as determined using the Structured Clinical Interview for the DSM-IV-TR (13) or had a urine positive for opioids, cocaine, amphetamines, benzodiazepines, or 2 positive urines for tetrahydrocannabinol. This study was approved by the Institutional Review Board of the Boston University Medical Center. Subjects provided written informed consent prior to enrollment into the study.
This study followed a double-blind, placebo-controlled crossover design. Drug and placebo were administered in counter-balanced manner to reduce possible order effects. Subjects attended 2 trials separated by at least 7 days. Trials consisted of a priming drink challenge session lasting 1 hour, followed by 2 consecutive 1-hour self-administration segments.
Subjects were asked not to drink any alcohol 24 hours prior to the trial. Urine toxicology and breathalyzers tests confirmed that subjects had not consumed alcohol or drugs of abuse prior to the trial. Testing was conducted in a quiet room with a lounge chair, television, table, and a computer. At approximately 11:30 a.m., subjects received a light lunch followed by baseline assessments. These included Clinical Institute Withdrawal Assessment for Alcohol scale-Revised (CIWA-AR) (14) , the Time Line Follow Back (TLFB) (15) to evaluate the amount of alcohol used prior to the session. The Obsessive Compulsive Drinking scale (OCDS) (16) and Alcohol Urge Questionnaire (AUQ) (17) were used to determine baseline levels of alcohol craving.
After these assessments subjects received either a zonisamide 100 mg or placebo in identically appearing capsules. Immediately after receiving the study medication, subjects were asked to completely consume an alcoholic drink over a period of less than 5 minutes. The beverage was the subject's drink of choice and contained sufficient ethanol to increase blood alcohol concentrations .03 g/dl, based on a published formula (18) . The priming drink was administered to subjects to normalize drinking in the test setting (19) . The following measures were obtained 10, 20, 30, and 40 minutes following administration of the priming drink: 1) AUQ, 2) VAS scales for high, liking, and sedation, 3) Biphasic Alcohol Effects scales (BAES) (20) . Cognitive tests including the Digit Symbol Modalities test (DSMT) (21) , the Controlled Word Association Test (COWAT) (22) , and WMS-III Digit and Spatial Span tests (23) were also administered during the priming drink segment.
After completion of the 1 hour priming drink trial-segment, subjects were given access to 4 alcoholic drinks during 2 consecutive hour-long trial segments. Each drink was selected to produce an increase in blood alcohol concentration of .015 g/dl. Subjects were told that they could drink as many of the 4 drinks as they wished during the hour session or would receive $3 for each of the drinks that they did not consume. After the first session, the tray containing the first set of drinks was removed, and 4 freshly prepared drinks were made available. The following were administered every 30 minutes: 1) Breathalyzer, 2) AUQ, 3) VAS Sedation scales, 4) BAES. After completion of the self-administration sessions, the subjects' levels of intoxication were assessed using BAC and clinical evaluation by the study psychiatrist to determine a safe return home.
DATA ANALYSIS
Because the proportion of alcohol content varied amongst the types of alcoholic beverage selected by subjects, estimated grams of ethanol consumed were used as the primary outcome measure. These values were determined by multiplying the volume of alcoholic beverage consumed by the proportion of ethanol content and the density of alcohol.
Separate analyses were conducted for the priming drink segment, the self-administration segments, and the last time-point (180 minute time point). Data for the last time point were analyzed separately because subjects had stopped drinking by that time and were anxious to leave the laboratory, raising questions about the value of the data collected at that point. Data between trials were compared using mixed models analysis with subject, and when appropriate, subject × visit as random effects (Proc Mixed, SAS 9.1. 3, [2002] [2003] [2004] . Drug (treatment condition) and visit served as within-subject effects, and when appropriate, time was also used as a within-subject factor. The visit effect was included as a covariate in the analysis models to separate out drug administration order effects and to allow for the determination of whether these effects had a significant influence on the experimental outcomes. Differences in drug effects at each time point assessed were compared using a t test for model generated least squares means. For the primary outcome measures, i.e., least squares means for the amount of ethanol consumed, Tukey-Kramer adjusted p values were determined to correct for multiple comparisons.
RESULTS
Ten subjects, 7 females and 3 males, completed both the placebo and the zonisamide trials. Eight subjects were white, 1 was African American, and 1 subject was biracial. The mean subject age was 26 (SD ± 5) years. The mean number of years of education completed was 16 (SD ± 2). Female subjects drank a mean of 53.5% of the 90 days prior to study entry. They consumed a mean of 7.1 (SE ± .87) drinks per heavy drinking day. During the 90 day period preceding the study, male subjects drank on a mean of 40.4% of the days and consumed 6.3 (SE ± .37) drinks per heavy drinking day. The median number of heavy drinking days for subjects during the 90 day prescreening period was 14 (range 4-29) days.
Priming Drink Segment
Mean total OCDS scores obtained prior to ingestion of the priming drink were 10.9 (SE ± 2.7) and 9.5 (SE ± 1.5) for the placebo and zonisamide conditions, respectively. These scores did not differ significantly. Scores on the DSMT were significantly lower at baseline on the zonisamide challenge day (66.6 ± 3.2 vs. 78.9 ± 6.3), but they did not differ during testing. Significant differences in drug effects or drug × time interactions were not found for any of the measures obtained during the priming drink segment. These results indicate that subjects had similar initial responses to ethanol challenge on each test day, whether zonisamide or placebo were administrated. Notably this included both sedation measures of the VAS and BAES.
Alcohol Self-Administration Trial-Segments
Significant order effects were not found for any measures during the self-administration trial-segments. The mean grams of ethanol ingested during the first and second selfadministration trial-segments for each treatment condition are presented in Fig. 1 . The drug effect was significant for the amount of ethanol consumption {F (1, 26) = 9.7; p = .005}. The drug × time interaction for this measure approached significance {F (1, 26) = 4.11; p = . 053}. Post hoc testing indicated that the grams of ethanol consumed was significantly lower for the zonisamide trial than for the placebo trial during the second, but not the first selfadministration trial segment. For BACs obtained during the self-administration segments, the drug effect {F(1,{ 44) = 9.4; p = .004}, but not the drug × time interaction effect was determined to be significant, reflecting lower BAC for the zonisamide as compared to the placebo treatment condition. The drug effect for BAC's was not significant at the 180 minute time point. The drug effect was significant {F (1, 8.0) = 5.7; p .045} for AUQ scores during the self-administration segments (Fig. 2) indicating lower urge to drink with zonisamide than placebo.
For the first self-administration segment mean compensation received under the placebo condition was $3.0 (SE ± .9) and $3.9 (SE ± 1.3) for the zonisamide condition. During the second segment, the mean amounts received were $5.1 (SE ± 1.3) and $6.9 (SE ± 1.4) for placebo and zonisamide treatment conditions, respectively. The drug effect and the drug × trial-segment effect were not significant for money received for either of the selfadministration trial-segments.
The drug × time interaction effect {F (2, 36) = 4.0; p = .03} but not the effect was significant for the sedative scale of the BAES obtained for the self-administration segments. Mean sedative BAES scale scores for placebo increased from 6.9 (SE ± 3.8) at 90 minutes to 10.2 (SE ± 4.08) at 150 minutes. For zonisamide scores declined from 10.2 (SE ± 4.0) to 7.8 (SE ± 3.3) for the 90 and 150 minute time points, respectively. Thus, the significant drug × time interaction for sedation scores collected during the self-administration sessions reflects a moderate increase in the placebo group and a moderate decline in the zonisamide group. At no point did group differences in BAES sedation scores reach significance. When mean sedative scores from the BAES for each trial segment were used as covariates, the drug effect for volume of ethanol self-administered remained significant {F (1, 25.8) = 9.6; p = . 005}, and the drug × time interaction continued to approach significance {F (1, 25.8) = 8.3; p = .054
The drug and the drug × time interaction effects were not significant on the BAES stimulation scale for the self-administration trial segments. The drug effect was not significant for either the sedative or stimulation scores acquired during the 180-minute time point.
For the VAS sedation measures obtained during the self-administration trial segments, drug effects were not significant for Sleepy, Slow, and Tired scales. For these measures the drug × time effects for the Sleepy, Slow, and Tired VAS were also not significant. The drug effects for the Sedation VAS were not in the significance range for the Sleepy, Slow, or Tired scales for the 180 minutes time point.
DISCUSSION
Zonisamide, compared to placebo, reduced the volume of ethanol consumed by risky drinkers during the second hour of the self-administration trial-segments, when plasma concentrations of zonisamide would be expected to be at, or close to, peak values (24) . During the self-administration trial segments, reductions in blood alcohol concentrations paralleled reductions in urges to drink as reflected in decreased AUQ scores with zonisamide compared to placebo. These effects of zonisamide are of particular interest because they were observed after the administration of a single dose of this agent.
Subjective responses and cognitive measures obtained during the priming drink trialsegment did not differ significantly between the placebo and zonisamide conditions. Because of its comparatively slow rate of absorption, plasma levels for zonisamide would be expected to be fairly low during the priming-drink segment. BAC levels were equivalent during this segment. Thus, the lack of difference between treatment conditions in responses to ethanol suggests roughly equivalent sensitivity to the effects of alcohol on the 2 test days.
There were no significant differences in BAES sedation scores between groups, although there was a trend for sedation scores to be slightly higher during the first hour of selfadministration during the zonisamide condition compared to placebo. There was also a trend for sedation to increase in the placebo group and decline in the zonisamide group. However, when BAES sedation score was used as a covariate in the comparative analysis of alcohol consumption, and ethanol intake was still significantly lower in the zonisamide group.
Despite encouraging results there are several limitations to our study. The small number of subjects tested, use of non-treatment seeking risky drinkers, and the administration of only a single dose of drug limit our findings. Chronic dosing and measurement of zonisamide plasma levels at the time of testing would be an appropriate next step. Nevertheless, this study provides evidence that a single dose of zonisamide decreases ethanol selfadministration by risky drinkers 2 hours after the administration of the drug. This effect occurred in association with a decrease in the urge to drink alcohol. If our findings are replicated, zonisamide may have a therapeutic role when individuals with alcohol problems face situations that pose high risk for relapse.
FIG. 1.
Mean (+/− SE) grams of ethanol consumed during the first (Segment 1) and second (Segment 2) self-administration trial-segments for the placebo and zonisamide treatment conditions. *indicates a significant difference, p < 0.05, between the placebo and zonisamide treatment conditions for the comparable trial-segment.
FIG. 2.
Mean (+/− SE) AUQ for the priming drink (0-60 minutes) , first self-administration (90-120 minutes), and second self-administration trial-segments (150-180 minutes) obtained for both the placebo and zonisamide treatment conditions.
